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ABSTRACT: Phenylselenyl benzylcarbanion stabilized by an
(S)-2-p-tolylsulfinyl group evolves in a highly stereoselective way
in the reactions with (S)-N-(p-tolylsulfinyl)imines at −98 °C
affording diastereomerically pure 1,2-selenoamino derivatives in
good yields. The syn or anti relationship of the obtained com-
pounds depends on the alkyl or aryl character of the imine.
They are easily transformed into enantiomerically pure (1R,2S)-
1-aryl[or (1S,2S)-1-alkyl]-2-(phenylseleno)-2-phenylethylamines
by reaction with t-BuLi and subsequent methanolysis of the generated sulfinamide derivatives with TFA.
■ INTRODUCTION
The biological and medical properties of organoselenium
compounds are increasingly appreciated mainly due to their
antioxidant, antitumoral, and antimicrobial activities and
their behavior as competitive inhibitors for target proteins.1
Among these compounds, 1,2-selenoamines (or β-amino-
selenides) are worth mentioning, although the number of
synthetic methods reported for them are limited. Their syn-
theses have been described either by nucleophilic (hydride
or organometallic) additions to α-phenylselenyl imines2 or
via ring-opening reactions of both N-acyloxazolidinones3 and
-aziridines4 with a variety of selenium nucleophiles. Addi-
tionally, enantiomerically pure 1,2-selenoamines are inter-
esting structural subunits that have been used as ligands in
enantioselective reactions.3,5 However, despite their interest,
very few methods have been reported for synthesizing them
in their enantiomerically pure form,6,7 and they usually pro-
vide 1,2-selenoamines containing only one stereocenter
bonded to the nitrogen function. Closely related optically
active β-seleno-α-amino acids were obtained by selenide
opening of the serine β-lactone8 and α-seleno-β-amino acids
by amino-phenylselenenylation of α,β-unsaturated esters, in
the context of the synthesis of substituted uracils.9 Recently,
asymmetric organocatalysis has also proved effective as a
method of preparing enantiomerically enriched 1,2-seleno-
amines via desymmetrization of meso-aziridines with sele-
nium nucleophiles.7e Nevertheless, the synthesis of enantio-
merically pure selenoamines containing two stereocenters,
one of them connected to the selenium atom,10 is still a
challenging problem, and we decided to investigate it, taking
advantage of our experience in the field of the organo-
selenium compounds.11
Since the first report concerning the use of an o-sulfinyl
group for conferring chemical and configurational stability
to the benzylcarbanion derived from ethylbenzene,12 many
papers describing the highly stereoselective behavior of o-
sulfinyl benzylcarbanions joined to different functions have
been published.13 These results would suggest that
selenobenzylcarbanions could be analogously stabilized by
an o-sulfinyl group, making possible their highly stereo-
selective reactions with different electrophiles, thus pro-
viding a new entry for the synthesis of a variety of enantio-
merically enriched compounds bearing a selenium atom
bonded to a chiral carbon atom. On the other hand, N-
sulfinylimines, acting as electrophiles, have demonstrated a
high efficiency in controlling the approach of different
nucleophiles.14 The potential interest of the enantiomeri-
cally pure substituted 2-seleno-2-phenylethylamines promp-
ted us to investigate their preparation by reaction of
phenylseleno o-sulfinylbenzylcarbanions with N-sulfinyli-
mines, in the hope that this double asymmetric induction
process would simultaneously control the configuration of
the two newly formed stereogenic centers. Removal of
both sulfinyl groups would provide enantiomerically pure
1,2-selenoamines (Scheme 1).
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■ RESULTS
In order to prepare the so far unknown selenium-derived
carbanion depicted in Scheme 1, the synthesis of the precursor
selenide 1 was performed in high yield by reaction of (S)-
2-p-tolylsulfinyltoluene15 with LDA and further addition of
PhSeCl at −98 °C (Scheme 2).
We studied the reactions of (S)-1 with both enantiomers of
N-(p-tolylsulfinyl)benzaldimine, (S)-2a and (R)-2a (Scheme 2).
The addition of LDA to a THF solution of 1 at −78 °C
produced immediately a deep red mixture, which suggested
the formation of a delocalized benzylcarbanion. The addition of
(S)-2a to this solution caused the immediate disappearance of
the color and afforded diastereomerically enriched anti-3a
(88% de). The stereoselectivity increased when the temperature
lowered and only one diastereoisomer was detected at −98 °C
(Scheme 2). By contrast, the reaction of (S)-1 with (R)-2a was
sluggish (the conversion was incomplete after long reaction
times) and yielded a complex mixture at −98 °C. These results
indicate that the matched pair is formed by the reactants
exhibiting the same configuration at their respective sulfinyl
sulfur atoms.
Then we studied the behavior of (S)-1 with different
N-sulfinylarylimines, 2b−f, with the S configuration at the sulfur
atom (matched pairs), in order to evaluate the scope of the
reaction. The results are collected in Table 1. All the studied
reactions are completely stereoselective, only yielding one
diastereoisomerically pure selenoamine (anti-3b−f) regardless
of the electronic character of the substituent. The yields are
good in all the cases especially when an EWG is present at the
iminic aromatic ring (compare entries 1−3 and 4−6, Table 1).
The behavior of the aliphatic N-sulfinylimines (S)-2g−j was
studied next. In these reactions the stereoselectivity was also
high. Although traces of a nonidentified minor compound were
detected in the NMR spectra of the crude reactions,16 the
major components of these mixtures (4g−i and 5j) were
isolated in their diastereomerically pure form in good yields
after chromatographic purification (Table 1, entries 7−10).
The synthesis of enantiomerically pure 1,2-selenoamines
requires the desulfinylation of compounds 3 and 4 to proceed
without affecting neither the C−Se bond nor their configura-
tional integrity. This synthetical transformation was performed
in two cases, with 3d and 4i, derived from aryl- and alkylimines,
respectively, by a two-step sequence consisting in initial
C-desulfinylation with t-BuLi, and subsequent N-desulfinylation
with TFA17 (Scheme 3). Under these conditions, selenoamines
anti-7d and syn-9i, respectively, were obtained in >98% ee, as
determined by chiral HPLC.
The impossibility of obtaining good crystals from com-
pounds 3a−f, 4g−i, and 5j prevented us from unequivocal
assignment of their absolute configuration by X-ray analysis.18
Consequently, their configurational assignment was performed
by chemical correlation and NMR techniques.
Those NMR parameters of selenoamines 3a−f, 4g−i, and 5j
which are significant for their configurational assignment are
collected in Table 2. Compounds 3a−f, derived from aromatic
aldimines, exhibit almost identical values for δH(1), δH(2), and
J1,2, which suggests that all of them have the same configuration.
Additionally, the observed high value of J1,2 (10.5−10.8 Hz) is
indicative of the antiperiplanar arrangement of both hydrogen
atoms in the preferred conformation. These compounds show a
characteristic pattern of abnormally shielded aromatic signals
that can only be explained by assuming an efficient π,π-stacking
interaction. Detailed NOESY experiments revealed contact
interactions between the ortho protons of the three aromatic
rings bonded to the Se, C(1), and sulfinamide S atoms, respec-
tively (see the Supporting Information for a more detailed
description). Taking into account that all these compounds
have the S configuration at their sulfinamide sulfur atoms [the
reactions were performed with (S)-sulfinylimines], the only
spatial arrangement capable of explaining the NMR parameters
is that indicated in Figure 1, which is the most stable
Scheme 2. Synthesis of Selenide 1 and Further Reaction with
(R)- and (S)-N-p-Tolylsulfinylbenzaldimines (R)- and (S)-2a
Scheme 3. C- and N-Desulfinylation: Synthesis of
Enantiomerically Pure 1,2-Selenoamines
Table 1. Reactions of (S)-1 with Imines (S)-2a−j
entry imine (R) product (yield, %) dr
1 2a (Ph) 3a (69) >98:2
2 2b (p-MeC6H4) 3b (65) >98:2
3 2c (p-MeOC6H4) 3c (66) >98:2
4 2d (p-BrC6H4) 3d (70) >98:2
5 2e (p-CNC6H4) 3e (75) >98:2
6 2f (p-CF3C6H4) 3f (73) >98:2
7 2g (n-Pr) 4g (60a) >98:2a
8 2h (i-Bu) 4h (80a) >98:2a
9 2i (i-Pr) 4i (65a) >98:2a
10 2j (t-Bu) 5j (51a) >98:2a
aAfter chromatographic purification.
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conformation of the diastereoisomer 1R,2S, since it avoids the
strong stereoelectronic repulsion of the aromatic rings bonded
to C(1) and C(2). In this conformation, H(1) and H(2)
display an antiperiplanar arrangement.
In order to confirm this assignment, we performed the
deselenation reaction of compounds 3b and 3d with Ra-Ni in
THF at rt, which provided sulfinamides 10b and 10d,
respectively (Scheme 4). The synthesis of these compounds
had been previously reported by reactions of (S)-2-
(p-tolylsulfinyl)toluene with (S)-2b and (S)-2d15 (see the
Supporting Information for details). This chemical correlation
allowed us to unequivocally assign the S configuration to C(1)
of 10b and 10d and therefore the R one for their precursors 3b
and 3d, thus confirming the assignment based on their NMR
parameters (see above).
The NMR parameters for compound 5j also allowed us its
unequivocal configurational assignment from the assumption
of the S configuration of its two sulfur atoms. The J1,2 value
(11 Hz, Table 2) indicates that H(1) and H(2) adopt an
antiperiplanar arrangement in the clearly favored conformation.
Additionally, the NMR parameters associated to the aminic
proton (δ 5.24 ppm and J1,NH 1.8 Hz) are clearly indicative of
the existence of an intramolecular hydrogen bond fixing its
spatial arrangement, which should be gauche with respect to
H(1). In Figure 2 are depicted the two feasible structures
compatible with these NMR data. The sulfinyl oxygen is
associated to NH in diastereoisomer 1S,2R, whereas the
selenium atom is acting as a hydrogen bond acceptor in the iso-
mer 1S,2S.19 However, the conformation depicted in Figure 2
for the isomer 1S,2S will be strongly destabilized by the steric
repulsion (t-Bu/Ar) and, therefore, should not be considered as
the most stable one. Moreover, the ability of the selenium atom
as a hydrogen bond acceptor is rather limited. By contrast, the
conformation shown for the 1S,2R isomer will be clearly
predominant by steric reasons. All these considerations strongly
support the configuration 1S,2R for compound 5j.
Finally, compounds 4g−i exhibit almost identical chemical
shifts for H(1), H(2), and NH, respectively (Table 2), which
suggests the same configuration for all of them. Deselenation of
4i with Ra-Ni (Scheme 4) yielded 11i, which is diastereoisomer
of the compound [2S,(S)S]-11i′ obtained by reaction of (S)-2-
(p-methylsulfinyl)toluene with LDA and (S)-2i15 (Scheme 4).
This proves that both compounds differ in the configuration of
the aminic carbon atom. This correlation allowed us to
unequivocally assign the R configuration to the carbon of 11i
and, therefore, the S one to its precursor 4i (Scheme 4). Taking
into account the values of the vicinal coupling constants for
Table 2. Significant Chemical Shifts and Vicinal Coupling Constants for Compounds 3a−f, 4g−i, and 5j
compd (R) δ H(1) (ppm) δ H(2) (ppm) J1,2 (Hz) δ NH (ppm) J1,NH (Hz)
3a (Ph) 4.77 4.77 10.8 4.28 8.1
3b (p-Tol) 4.77 4.77 10.6 3.98 8.0
3c (p-CN-C6H4) 4.74 4.74 10.5 5.99 7.2
3d (p-MeO-C6H4) 4.75 4.75 10.5 4.08 8.1
3e (p-Br-C6H4) 4.75 4.75 10.6 5.03 7.4
3f (p-CF3-C6H4) 4.75 4.75 10.8 5.51 6.9
4g (n-Pr) 3.85 4.53 9.8 2.66 9.8
4h (i-Bu) 3.86 4.55 9.0 2.58 9.8
4i (i-Pr) 3.86 4.56 11.4 2.74 9.8
5j (t-Bu) 3.66 4.17 11.0 5.24 1.8
Figure 1. Spatial arrangement accounting for the NMR data of
compounds 3a−3f.
Scheme 4. Chemical Correlation for the Assignment of C(1)
Configuration for Aromatic and Aliphatic Selenoamines
Figure 2. Spatial arrangements compatible with the NMR data
observed for 5j.
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4g−i (J1,NH 9.8 Hz and J1,2 9−11.4 Hz, Table 2), which
evidence the anti relationship of the involved protons and the
low value of δ NH (ca. 2.5 ppm), which suggests that it is not
involved in any hydrogen bond, the spatial arrangements which
are compatible with these NMR data for compounds having the
S configuration at C(1) are depicted in Figure 3.
The configuration 1S,2R had been assigned to 5j (Figure 2),
where the NH was associated by a hydrogen bond to the
sulfinyl oxygen exhibiting a different orientation to that shown
in Figure 3. As the change of the alkyl group cannot alter this
situation, we must conclude that 4g−i have a different
configuration to that of 5j. This conclusion can also be
deduced from the significant differences observed in the NMR
parameters of these compounds (Table 2). It suggests that
1S,2S must be the configuration of the asymmetric carbon
atoms of compounds 4g−i.
■ DISCUSSION
In order to understand the stereochemical results of these
reactions, the plausible structures, in the solvent phase, of the
species resulting from the reaction of (S)-1 with LDA as well as
the stability of different conformers of sulfinylimines were
studied theoretically at the DFT (mPW1PW91)20 level, with
the CPCM model,21 by using the Gaussian09 program.22,23 The
most stable structures found for model carbanion-Li+
complexes and free carbanion are shown in Figure 4. Dimethyl
ether and dimethylamine were used as simplified models for
solvent and base, respectively, and have been included as
ligands for the lithium atom. The tolyl group has also been
simplified as a phenyl one. The most stable is carbanion-Li+
complex I, stabilized by a hydrogen bond with the dimethyl-
amine ligand, that would be probably the first to be formed
after the deprotonation step. Conformation II, somehow higher
in energy, would allow the approach of the imine to the almost
completely unhindered lower re-face affording products with 2S
configuration, such as anti-3 and syn-4. Participation of the free
carbanion III, much more unstable, can be considered
negligible. On the other hand, with respect to the favored
conformation of the imine partner, that one displaying the
sulfinyl oxygen in the s-cis arrangement with respect to the
CN (Figure 4) resulted to be more stable regardless of the
alkyl or aryl character of R, the hydrogen bond O---HC being
one of the most important factors in its stabilization.
According to these calculations, the approach of the
unhindered face of the carbanion II to the less hindered
si-face of aromatic imines in their more stable conformation
(A approach, Scheme 5) could easily account for the 1R,2S
configuration assigned for anti-3 compounds. This is the
stereochemistry of the major isomers obtained in the reactions
of 2-(p-tolylsulfinyl)ethylbenzene with N-sulfinylimines.12 The
fact that the opposite configuration at both asymmetric carbon
atoms (1S,2R) has been assigned to anti-5j indicates that the
approach B (Scheme 5) involving the most hindered face of the
carbanion and the re-face of the imine must be now the favored
one. In order to explain this proposal, we assume a strong
destabilization of the approach A due to the steric interactions
of the bulky t-Bu group. The association of the sulfinyl oxygen
to the NH of the lithium-associated amine (breaking the
hydrogen bond with the benzylic carbanion) locates the elec-
trophile on the upper face of the carbanion (this situation has
also been observed in reactions of iodobenzylcarbanions13a).
The favored approach takes place minimizing the steric inter-
actions of the t-Bu group, as well as the electronic repulsion of
the lone electron pair at iminic nitrogen with the selenium
atom and the benzylic ring. Consequently, the s-trans confor-
mation (Figure 4) of the N-sulfinylimine is the reactive one in
this case.
However, we have not any precedent able to explain the
formation of the syn-4 products obtained in the reaction with
alkylimines. In this case, the approach A at Scheme 5 seems to
be unfavored. Therefore, another approach involving that the
less hindered re-face of the carbanion attacks the less stable
s-trans conformation of the imine (Figure 4) should be assumed.
To shed some light about this question, the possible transition
states for the reaction of the simplest alkylimine (R = Me) with
Figure 3. Spatial arrangements with S configuration at C(1)
compatible with the NMR data observed for 4g−4i.
Figure 4. Molecular structures, representative distances (Å), torsion angles (τ in deg), and energies (CPCM(THF)/mPW1PW91/6-311G(d,p) and
SDB-cc-pVTZ //6-31G(d) and LANL2DZ*; kcal·mol−1) of possible carbanionic species and conformations of sulfinylimines. The first value
indicates the relative energy with ZPE correction included, of II and III (+Li(NHMe2)(OMe2)3-OMe2) with respect to I, considered as the most
stable one. Free energy correction is indicated in parentheses.
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the carbanion II (Scheme 4) derived from (S)-1 were theoret-
ically studied (Figure 5).
We have found two TS’s, TS-syn-4 and TS-anti-3, yielding
compounds syn-4 and anti-3, respectively. Both structures are
stabilized by a hydrogen bond between the sulfinyl oxygen of
the sulfinylimine and the N−H of the amine acting as a ligand
of the lithium. It suggests that the reaction starts by the initial
formation of this bond and the consequent cleavage of the N−
H---C present in II. As the upper face of this structure is
densely hindered, the approach of the electrophile will take
place from the lower face. The two obtained TS’s differ in the
face of the N-sulfinylimine (si or re) approaching the carbanion.
To reach TS-syn-4 the imine partner adopts the less stable
s-trans conformation (Figure 4), but this relative destabilization
must be compensated by the additional hydrogen bond
between the iminic nitrogen and the ortho hydrogen of the
sulfinyl group in the carbanion moiety (it does not exist in TS-
anti-3). As a consequence, TS-syn-4 is slightly more stable than
TS-anti-3. On the other hand, TS-syn-4 must be earlier than
TS-anti-3 because the forming bond is clearly longer in the first
one (2.56 instead of 2.27 Å, see Figure 5). When the size of R1
increases, both TS’s will be sterically destabilized, but this effect
will be much more important in TS-anti-3 because of the
smaller distance of the forming bond. It means that the small
energetic differences observed in the calculation must be larger
when other alkyl groups different to methyl are present, which
would explain the preferred formation of the diastereoisomers
syn-4 observed in Table 1. In the case of aromatic imines, a
transition state similar to TS-anti-3 (approach A′ in Figure 5,
only differing from the approach A at Scheme 5 in the position
of the hydrogen bonds) could be postulated as the most stable
one by assuming stabilizing π,π-stacking interactions between
the electron-poor aromatic ring joined to CN and the
electron-rich ring joined to the carbanion.
In summary, we have demonstrated that the synthesis of
enantiomerically pure 1,2-selenoamines containing two stereo-
centers, one of them bonded to the selenium atom, can be
performed by reaction of (S)-α-(phenylselenyl)-2-(p-tolylsul-
finyl) toluene, with N-(p-tolylsulfinyl)imines and LDA and
further desulfinylation with t-BuLi and TFA. The syn or anti
stereochemistry of the resulting compounds is closely depend-
ent on the aliphatic or aromatic character of the starting imines.
■ EXPERIMENTAL SECTION
General Procedures. NMR spectra were registered (200 or 300,
50, and 38 MHz for 1H, 13C, and 77Se NMR, respectively) in CDCl3
and CD3OD solutions. Mass spectra (MS) were determined by ESI.
All reactions were carried out in anhydrous solvents under argon
atmosphere. Commercially available anhydrous tetrahydrofuran
(THF) was dried over 4 Å molecular sieves. Flash column
chromatography was performed using silica gel (230−400 mesh).
2-[(S)-2-(p-Tolylsulfinyl)benzyl]phenylselenide (1). To a solution
of i-Pr2NH (3.92 mmol, 395.9 mg, 1.8 equiv) in anhydrous THF
(8 mL) at 0 °C under argon atmosphere was added a solution of n-
BuLi (2.3 M in hexane, 3.05 mmol, 1.4 equiv). After 10 min of stirring,
the mixture was cooled at −98 °C, and then a solution of (2.18 mmol,
500 mg, 1.0 equiv) in anhydrous THF (8 mL) was added. After 10 min
of stirring at −98 °C, a solution of phenylselenyl chloride (6.54 mmol,
1.25 g, 3.0 equiv) in anhydrous THF (4 mL) was added quickly. The
reaction was monitored by TLC. Upon transformation of the starting
material (10 min), the reaction was hydrolyzed with saturated aqueous
NH4Cl (5 mL). The mixture was extracted with CH2Cl2 (3 × 40 mL)
Scheme 5. Stereochemical Pathway Accounting for the Selectivity of the Synthesis of 1,2-Selenoamines 3a−f and 5j
Figure 5. Molecular structures, representative distances (Ǻ), and energies (CPCM(THF)/mPW1PW91/6-311G(d,p) and SDB-cc-pVTZ //6-31G(d)
and LANL2DZ*; kcal·mol−1) of the possible transition states involved the reaction with alkyl imines. The first value indicates the relative energy with
ZPE correction included and free energy correction is indicated in parentheses.
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and dried (Na2SO4), and the solvent was evaporated. The residue was
purified by flash column chromatography (toluene/acetone, 6:1) to
afford the pure compound: yield 71% (596.5 mg); yellow oil; [α]20D
−139.3 (c 2.0, CHCl3); IR (CHCl3 solution) 3018, 2977, 1522, 1476,
1438, 1424, 1213 cm−1; 1H NMR (200 MHz, CDCl3) δ 7.81 (d, 1H,
J = 7.6 Hz), 7.55−6.95 (m, 12H), 4.25 (AB system, 2H, J = 12.6 Hz),
2.37 (s, 3H); 13C NMR (50 MHz, CDCl3) δ 141.5, 134.1, 131,0 130.5,
129.9, 129.1, 128.4, 127.8, 129.1, 125.9, 125.8, 28.1, 21.3; 77Se (38
MHz, CDCl3) δ 383.28 ppm, MS (TOF+) m/z 387(100) [M + H
+],
231 (26), 229 (44), 149 (60); HRMS (TOF+) calcd for C20H19OSeS
387.0317, found 387.0305.
General Procedure for the Synthesis of 3a−f, 4g−i, and 5j. To a
solution of i-Pr2NH (0.74 mmol, 74.7 mg, 1.8 equiv) in anhydrous
THF (2 mL) at 0 °C under argon atmosphere was added a solution of
n-BuLi (2.3 M in hexane, 0.54 mmol, 1.4 equiv). After of 10 min
stirring, the mixture was cooled at −98 °C, and then a solution of 2-
[(S)-2-(p-tolylsulfinyl)benzyl]phenylselenide (1) (0.38 mmol, 146.4
mg, 1.0 equiv) in anhydrous THF (2 mL) was added. The mixture was
stirred at rt for 10 min, and then 0.76 mmol (1.4 equiv) of the
corresponding (S)-N-sulfinylimine was added quickly. When the
reaction was complete (5−10 min), the mixture was hydrolyzed with
saturated aqueous NH4Cl (3 mL) and extracted with CH2Cl2 (3 × 10
mL). The combined organic layers were dried over Na2SO4, and the
solvent was removed under reduced pressure. The residue was purified
by flash column chromatography employed as solvent the indicated in
each case.
[1R,2S, (S)S]-N-[1-Phenyl-2-(phenylse lanyl ) -2-[2(S)-(p-
tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3a). (S)-N-Benzy-
lidene-4-methylbenzenesulfinamide 2a (0.14 mmol, 35.4 mg,
1.4 equiv) was used as the electrophile, and the reaction was stirred
at −98 °C for 10 min to give a diastereoisomeric >98:2 mixture of 3a,
which was purified by flash column chromatography (eluent hexane/
EtOAc, 1:1): yield 69% (39.2 mg); white solid; mp 95−96 °C; [α]20D
−8.5 (c 0.4, CHCl3); IR (KBr) 3600−3000 (broad band), 1650, 1080,
1050 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.89 (d, 1H, J = 8.4 Hz),
7.59−6.80 (m, 21H), 4.96 (d, 1H, J = 10.8 Hz), 4.77 (dd, 1H, J = 10.8
and 8.1 Hz), 4.28 (d, 1H, J = 8.1 Hz) 2.31 (s, 3H), 2.24 (s, 3 H); 13C
NMR (50 MHz, CDCl3) δ 142.1, 141.4, 141.3, 140.9, 140.7, 140.5,
139.5, 135.8, 131.7, 130.2, 130.1, 128.8, 128.4, 128.2, 128.1, 127.8,
127.4, 126.4, 126.0, 125.4, 66.1, 47.2, 21.4, 21.2; MS (ESI+) m/z 629
(9) [M+], 473 (98), 334 (23), 227 (77), 197 (10); HRMS (ESI+)
calcd for C34H32NO2S2Se 629.0958, found 629.0746.
[1R,2S,(S)S]-N-[1-(4-Methylphenyl)-2-(phenylselanyl)-2-[2(S)-(p-
tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3b). (S)-N-4-Meth-
ylbenzylidene-4-methylbenzenesulfinamide 2b (0.14 mmol, 37.5 mg,
1.4 equiv) was used as the electrophile, and the reaction was stirred
at −98 °C for 10 min to give a diastereoisomeric >98:2 mixture of 3b,
which was purified by flash column chromatography (eluent hexane/
EtOAc, 1:1): yield 65% (43.4 mg); yellow oil; [α]20D +8.5 (c 1.0,
CHCl3); IR (CHCl3 solution) 3018, 2924, 1518, 1438, 1219, 1124
cm−1; 1H NMR (200 MHz, CDCl3) δ 7.89 (d, 1H, J = 8.4 Hz), 7.60−
6.87 (m, 18H), 6.78 (d, 2H J = 8.2 Hz), 4.95 (d, 1 H, J = 10.6 Hz)
4.77 (dd, 1H, J = 10.6 and 8.0 Hz), 3.98 (d, 1H, J = 8.0), 2.32 (s, 3 H),
2.29 (s, 3 H), 2.21 (s, 3H); 13C NMR (50 MHz, CDCl3) δ: 142.0,
140.6, 139.3, 137.4, 136.0, 131.4, 129.9, 129.0, 128.8, 128.3, 128.0,
127.7, 127.2, 126.5, 125.6, 125.3, 63.4, 47.4, 29.8, 21.5, 21.3; MS (EI)
m/z 489 (100), 332 (28), 227 (75), 149 (47); HRMS (ESI+) calcd for
C28H25OSSe 489.0787, found 489.0770.
[1R,2S,(S)S]-N-[1-(4-Methoxyphenyl)-2-(phenylselanyl)-2-[2(S)-(p-
tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3c). (S)-N-4-Me-
thoxybenzylidene-4-methylbenzenesulfinamide 2c (0.14 mmol, 39.8
mg, 1.4 equiv) was used as the electrophile, and the reaction was
stirred at −98 °C for 10 min to give a diastereoisomeric >98:2 mixture
of 3c, which was purified by flash column chromatography (eluent
hexane/EtOAc, 1:1): yield 66% (45.2 mg); colorless oil; [α]20D −7.0
(c 2.2, CHCl3); IR (CHCl3 solution) 3019, 2976, 1514, 1423, 1212
cm−1; 1H NMR (300 MHz, CDCl3) δ 7.89 (d, 1H, J = 7.5 Hz), 7.60−
6.78 (m, 18H), 6.67 (d, 2H, J = 8.1 Hz), 4.95 (d, 1H, J = 10.5 Hz),
4.75 (dd, 1H, J = 10.5 and 8.1 Hz), 4.10 (d, 1H, J = 8.1 Hz), 3.76 (s,
3H), 2.31 (s, 3H), 2.23 (s, 3H); 13C NMR (50 MHz, CDCl3) δ 158.9,
141.9, 140.5, 139.3, 135.8, 132.5, 131.5, 130.2, 129.9, 128.4, 128.1,
127.9, 127.7, 126.4, 125.9, 125.3, 124.8, 113.6, 62.9, 55.2, 47.6, 21.5,
21.3; MS (ESI+) m/z 660 (10) [M − H+], 505 (100), 149 (18);
HRMS (ESI+) calcd for C35H34NO3S2Se 660.1142, found 660.1161.
[1R,2S,(S)S]-N-[1-(4-Bromophenyl)-2-(phenylselanyl)-2-[2(S)-(p-
tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3d). (S)-N-4-Bro-
mobenzylidene-4-methylbenzenesulfinamide 2d (0.14 mmol, 45.1 mg,
1.4 equiv) was used as the electrophile, and the reaction was stirred
at −98 °C for 10 min to give a diastereoisomeric >98:2 mixture of 3d,
which was purified by flash column chromatography (eluent hexane/
EtOAc, 1:1): yield 70% (51.5 mg); white solid; mp 75−77 °C; [α]20D
+13.6 (c = 1.25, CHCl3); IR (CHCl3 solution) 3500, 3056, 2997,
2920, 1593, 1488, 1437, 1069, 1010 cm−1; 1H NMR (200 MHz,
CDCl3) δ 7.87 (d, 1H, J = 7.4 Hz), 7.64−6.83 (m, 15H), 6.76 (d, 3H,
J = 8.6 Hz), 6.57 (d, 2H, J = 6.8 Hz), 5.02 (d, 1H, J = 7.4 Hz), 4.88 (d,
1H, J = 10.6 Hz), 4.71 (dd, 1H, J = 10.6 and 7.4 Hz), 2.31 (s, 3H),
2.30 (s, 3H); 13C NMR (50 MHz, CDCl3) δ: 141.8, 140.7, 139.8,
135.1, 132.2, 130.8, 130.4, 130.1, 129.3, 128.7, 128.3, 127.8, 127.7,
127.3, 125.9, 125.4, 121.4, 61.8, 47.2, 21.5, 21.3; MS (ESI+) m/z 708
(21) [M − H+], 552 (100), 396 (5), 227 (19); HRMS (ESI+) calcd
for C34H31BrNO2S2Se 708.0139; found 708.0139.
[1R,2S,(S)S]-N-[1-(4-Cyanophenyl)-2-(phenylselanyl)-2-[2(S)-(p-
tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3e). (S)-N-4-Cya-
nobenzylidene-4-methylbenzenesulfinamide 2e (0.14 mmol, 37.6 mg,
1.4 equiv) was used as the electrophile, and the reaction was stirred at
−98 °C for 10 min to give a diastereoisomeric >98:2 mixture of 3e,
which was purified by flash column chromatography (eluent hexane/
EtOAc, 1:1): yield 75% (51.0 mg); white solid; [α]20D −29.5 (c 2.0,
CHCl3); mp 85−87 °C; IR (CHCl3 solution) 3500, 3056, 2997, 2920,
2219, 1593, 1531, 1437, 1070, 1014 cm−1; 1H NMR (300 MHz,
CDCl3) δ 7.82 (d, 1H, J = 7.9 Hz), 7.75−6.65 (m, 18H), 6.24 (d, 2H,
J = 8.1 Hz), 5.99 (d, 1H, J = 7.2 Hz), 4.90 (d, 1H, J = 10.5 Hz), 4.74
(dd, 1H, J = 10.5 and 7.2 Hz), 2.33 (s, 3H), 2.28 (s, 3H); 13C NMR δ
147.3, 141.9, 140.5, 140.4, 134.3, 133.0, 131.2, 130.3, 128.9, 128.7,
128.5, 128.2, 128.0, 127.5, 125.6, 118.2, 110.3, 61.3, 46.4, 21.4, 21.2;
MS (ESI) m/z 653 (7) [M − H+], 623 (33), 607 (49), 593 (100),
551(27), 493 (17); MS (ESI+) m/z 654 (32) [M + H+], 500 (100),
149 (17); HRMS (ESI+) calcd for C35H31N2O2S2Se 655.0988, found
655.0984.
[1R,2S,(S)S]-N-1-[4-(Trifluoromethyl)phenyl]-2-(phenylselanyl)-2-
[2(S)-(p-tolylsulfinyl)phenyl]ethyl]-p-toluenesulfinamide (3f). (S)-N-
4-(Trifluoromethyl)benzylidene-4-methylbenzenesulfinamide 2f (0.14
mmol, 43.6 mg, 1.4 equiv) was used as the electrophile, and the
reaction was stirred at −98 °C for 10 min to give a diastereoisomeric
>98:2 mixture of 3f, which was purified by flash column
chromatography (eluent hexane/EtOAc, 1:1): yield 73% (52.9 mg);
white solid; [α]20D +8.2 (c 1.3, CHCl3); IR (CHCl3 solution) 3010,
2950, 1620, 1324, 1217, 1167, 1067 cm−1; 1H NMR (300 MHz,
CDCl3) δ 7.85 (d, 1H, J = 9.0 Hz), 7.68−6.77 (m, 18H), 6.38 (d, 2H,
J = 7.8 Hz), 5.51 (d, 1H, J = 6.6 Hz), 4.89 (d, 1H, J = 10.8 Hz), 4.80
(dd, 1H, J = 10.8 and 6.6 Hz), 2.33 (s, 3H), 2.25 (s, 3H); 13C NMR
(50 MHz, CDCl3) δ: 144.9, 141.8, 140.6, 140.1, 134.7, 132.7, 130.6,
130.2, 128.6, 128.2, 128.1, 127.9, 127.6, 125.8, 125.5, 124.4, 61.1, 46.8,
21.5, 21.2; MS (ESI) m/z 698 (30) [M + H+], 543 (100), 149 (24);
HRMS (FAB+) calcd for C35H31F3NO2S2Se 698.0910, found
698.0914.
[1S,2S,(S)S]-N-[1-(Phenylselanyl)-1-[2-(S)-(p-tolylsulfinyl)phenyl]-
pentan-2-yl]-p-toluenesulfinamide (4g). (S)-N-Butylidene-4-methyl-
benzenesulfinamide 2g (0.22 mmol, 45.6 mg, 1.4 equiv) was used as
the electrophile, and the reaction was stirred at −98 °C for 10 min to
give a diastereoisomeric >98:2 mixture of 4g, which was purified by
flash column chromatography (eluent hexane/EtOAc, 1:1): yield 60%
(55.5 mg); [α]20D +22.5 (c 0.6, CHCl3);
1H NMR (200 MHz, CDCl3)
δ 7.98−7.92 (m, 1H), 7.50−7.16 (m, 10H), 7.01 (d, 2H, J = 8.4 Hz),
6.71 (d, 2H, J = 8.0 Hz), 6.60 (d, 2H, J = 8.4 Hz), 4.53 (d, 1H, J = 9.8
Hz), 3.95−3.77 (m, 1H), 2.66 (d, 1H, J = 9.8 Hz), 2.34 (s, 3H), 2.14
(s, 3H), 2.05−1.80 (m, 2H), 1.58−1.32 (m, 2H), 0.85 (t, 3H, J = 7
Hz); 13C NMR (50 MHz, CDCl3): δ 142.4, 142.2, 142.0, 140.9, 140.8,
139.7, 136.3, 130.9, 129.6, 129.3, 128.9, 128.7, 127.5, 126.6, 125.9,
125.0, 61.5, 46.9, 37.4, 21.4, 21.3, 17.9, 14.0; MS (ESI) m/z 596 (61)
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[M + H+], 458 (15), 300 (14), 162 (100); HRMS (FAB+) calcd for
C31H34NO2S2Se 596.1192, found 596.1201.
[1S,2S,(S)S]-N-[4-Methyl-1-(phenylselanyl)-1-[2-(S)-(p-
tolylsulfinyl)phenyl]pentan-2-yl]-p-toluenesulfinamide (4h). (S)-N-
3-Methylbutylidene-4-methyl-benzenesulfinamide 2h (0.22 mmol,
49.1 mg, 1.4 equiv) was used as the electrophile, and the reaction
was stirred at −98 °C for 10 min to give a diastereoisomeric >98:2
mixture of 4h, which was purified by flash column chromatography
(eluent hexane/EtOAc, 1:1): yield 80% (73.0 mg); colorless oil; 1H
NMR (200 MHz, CDCl3) δ 7.98−7.90 (m, 1H), 7.55−7.12 (m, 10H),
7.03 (d, 2H, J = 8.0 Hz), 6.76 (d, 2H, J = 7.8 Hz), 6.67 (d, 2H, J = 8.2
Hz), 4.55 (d, 1H, J = 9.0 Hz), 3.91−3.76 (m, 1H), 2.58 (d, 1H, J = 9.8
Hz), 2.35 (s, 3H), 2.16 (s, 3H), 2.00−1.84 (m, 1H), 1.79−1.66 (m,
1H), 1.18−1.04 (m, 1H), 0.94 (d, 3H, J = 6.4 Hz), 0.87 (d, 3H, J = 6.6
Hz); 13C NMR (50 MHz, CDCl3) δ 142.8, 142.3, 142.0, 141.0, 140.8,
139.6, 136.1, 130.8, 129.6, 129.4, 129.0, 128.6, 127.6, 126.6, 125.0,
124.3, 59.9, 48.9, 45.1, 24.0, 23.7, 22.9, 21.4, 21.2; MS (ESI+) m/z 610
(100), 455 (9), 213 (20), 149 (17); HRMS (ESI+) calcd for
C32H36NO2S2Se 610.1348, found 610.1351.
[1S,2S,(S)S]-N-[3-Methyl-1-(phenylselanyl)-1-[2-(S)-(p-
tolylsulfinyl)phenyl]butan-2-yl]-p-toluenesulfinamide (4i). (S)-N-2-
Methylpropylidene-4-methylbenzenesulfinamide 2i (0.22 mmol, 45.6
mg, 1.4 equiv) was used as the electrophile and the reaction was stirred
at −98 °C for 10 min to give a diastereoisomeric >98:2 mixture of 4i,
which was purified by flash column chromatography (eluent hexane/
EtOAc, 1:1); Yield: 65% (58.0 mg); white solid; mp: 99−101 °C;
[α]20D +24.7 (c 2.0, CHCl3); IR (KBr): 3019, 2980, 1730, 1595, 1492,
1475, 1438, 1261 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.97−7.91 (m,
1H), 7.55−7.13 (m, 10H), 6.94 (d, 2H, J = 7.2 Hz), 6.66 (d, 2H, J =
8.7 Hz), 6.38 (d, 2H, J = 8.1 Hz), 4.55 (d, 1H, J = 11.1 Hz), 3.84
(ap.td, 1H, J = 10.8 and 1.8 Hz), 2.72 (bd, 1H, J = 10.5 Hz), 2.64−
2.52 (m, 1H), 2.32 (s, 3H), 2.13 (s, 3H), 1.16 (d, 3H, J = 6.4 Hz), 0.60
(d, 3H, J = 6.9 Hz); 13C NMR (50 MHz, CDCl3) δ 142.2, 140.1,
136.9, 131.2, 129.7, 129.2, 129.1, 128.9, 127.5, 126.7, 125.0, 124.7,
67.4, 44.7, 29.1, 24.9, 21.2, 14.8; MS (ESI+) m/z 596 (100) [M − H+],
456 (17), 284 (27), 149 (35); HRMS (ESI+) calcd for
C31H34NO2S2Se 596.1192, found 596.1195.
[1R,2S,(S)S]-N-[3,3-Dimethyl-1-(phenylselanyl)-1-[2-(S)-(p-
tolylsulfinyl)phenyl]butan-2-yl]-p-toluenesulfinamide (5j). (S)-N-2-
Methylpropylidene-4-methylbenzenesulfinamide 2i (0.22 mmol, 49.1
mg, 1.4 equiv) was used as the electrophile, and the reaction was
stirred at −98 °C for 5 min to give a diastereoisomeric >98:2 mixture
of 5j, which was purified by flash column chromatography (eluent
hexane/EtOAc, 1:1): yield 51% (46.6 mg); 1H NMR (200 MHz,
CDCl3) δ 8.25 (bd, 1H, J = 8.4 Hz), 7.83−6.88 (m, 16 H), 5.24 (bd,
1H, J = 1.6 Hz), 4.17 (bd, 1H, J = 10.8 Hz), 3.66 (dd, 1H, J = 10.8 and
1.6 Hz), 2.41 (s, 3H), 2.37 (s, 3H), 0.80 (s, 9H); 13C NMR (50 MHz,
CDCl3) δ 144.5, 143.1, 141.6, 141.3, 137.2, 136.6, 135.9, 132.4, 131.4,
130.1, 129.6, 128.7, 126.1, 125.7, 124.8, 70.7, 44.2, 37.7, 27.7, 21.5,
21.4.
General Procedure of C−S Desulfinylation. To a solution of
the corresponding N-sulfinylphenylselenylamine (0.08 mmol,
1.0 equiv) in anhydrous THF (2 mL) at −78 °C was added a solution
of t-BuLi (2.3 M in pentane, 146 μL, 0.34 mmol, 4 equiv). The
reaction mixture was stirred at −78 °C until complete transformation
of the starting material (20 min). The mixture was hydrolyzed with
saturated aqueous NH4Cl solution (2 mL) and extracted with CH2Cl2
(3 × 4 mL). The combined organic layers were dried over Na2SO4,
and the solvent was removed under reduced pressure. The residue was
purified by flash column chromatography (eluent hexane/EtOAc, 3:1).
[1S,2S,(S)S]-N-[3-Methyl-1-phenyl-1-(phenylselanyl)butan-2-yl]-
p-toluenesulfinamide (8i). Compound 8i was obtained from 47.6 mg
(0.08 mmol) of [1S,2S,(S)S]-N-3-methyl-1-(phenylselanyl)-1-[2-(S)-
(p-tolylsulfinyl)phenyl)butan-2-yl]-p-toluensulfinamide (4i): yield
72% (26.3 mg); [α]20D +129.9 (c 1.3, CHCl3); IR (CHCl3 solution)
3018, 2976, 1522, 1476, 1423 cm−1; 1H NMR (300 MHz, CDCl3) δ
7.38 (bd, 2H, J = 6.9 Hz), 7.27−7.13 (m, 12H), 4.36 (d, 1H, J = 7.2
Hz), 3.83 (ddd, 1H, J = 3.9, 9.3, and 13.5 Hz), 3.80 (bs, 1H), 2.36 (s,
3H), 2.25−2.13 (m, 1H), 1.08 (d, 3H, J = 6.6 Hz), 0.86 (d, 3H, J = 6.9
Hz); 13C NMR (50 MHz, CDCl3) δ 143.2, 141.0, 140.4, 135.5, 129.2,
129.0, 128.8, 128.3, 128.0, 127.1, 125.4, 66.3, 53.9, 30.4, 21.3, 20.9,
16.9; MS (ESI) m/z 458 (15), 300 (14), 162 (100), 149 (17); HRMS
(ESI+) calcd for C24H28NOSSe 458.1052, found 458.1038.
[1R,2S,(S)S]-N-[1-(4-Bromophenyl)-2-phenyl-2-(phenylselanyl)-
ethyl]-p-toluenesulfinamide (6d). Compound 6d was obtained from
56.6 mg (0.08 mmol) of [1R,2S,(S)S]-N-[1-(4-bromophenyl)-2-
(phenylselanyl)-2-[2-(S)-(p-tolylsulfinyl)phenyl]ethyl]-p-toluenesulfi-
namide (3d): yield 69% (31.4 mg); [α]20D = +135.1 (c 0.6, CHCl3);
1H NMR (300 MHz, CDCl3) δ 7.26−7.07 (m, 16H), 6.84 (d, 2H, J =
8.4 Hz), 4.91 (dd, 1H, J = 6.3 and 7.8 Hz), 4.67 (d, 1H, J = 6.3 Hz),
4.56 (d, 1H, J = 7.8 Hz), 2.32 (s, 3H); 13C NMR (50 MHz, CDCl3) δ
141.1, 138.7, 138.3, 135.1, 134.9, 130.9, 129.4, 129.0, 128.8, 128.4,
127.8, 127.6, 125.4, 121.5, 60.3, 56.0, 21.4; MS (ESI+) m/z 569 (5)
[M + H+], 473 (13), 335 (23), 259 (34), 180 (100); HRMS (ESI+)
calcd for C27H25NOSSeNa 514.0715, found 514.0717.
General Procedure of N−S Desulfinylation. To a solution of
the corresponding product of C−S desulfinylation (6d or 8i) (45.5 mg
or 36.5 mg, respectively, 0.08 mmol, 1.0 equiv) in anhydrous methanol
(1 mL) at rt was added TFA (0.24 mmol, 3.0 equiv). The mixture was
stirred for 4 h at rt, and then the solvent was removed under reduced
pressure. The residue was purified by SCX column chromatography to
afford the corresponding amine.
(1R,2S)-1-(4-Bromophenyl)-2-phenyl-2-(phenylselanyl)-
ethanamine (anti-7d): yield 68% (23.5 mg); colorless oil; [α]20D
+80.1 (c 0.7, CHCl3);
1H NMR (300 MHz, CDCl3) δ 7.39−7.03 (m,
14H), 4.53 (bd, 1H, J = 9 Hz), 4.47 (bd, 1H, J = 8.7 Hz), 3.60−2.80
(bs, 2H); 13C NMR (75 MHz, CDCl3) δ 138.1, 135.0, 131.3, 129.3,
128.6, 128.5, 127.7, 125.7, 60.0, 54.3; MS (ESI+) m/z 414 (5) [M+ −
NH2], 337 (46), 259 (40), 180 (100); HRMS (ESI+) calcd for
C20H19BrNSe [M
+ − NH2] 414.9593, found 414.9576.
(1S,2S)-3-Methyl-2-phenyl-2-(phenylselanyl)butan-2-amine (syn-
9i): yield 70% (17.8 mg); white solid; mp 104−106 °C; [α]20D + 45.1
(c 0.6, CHCl3);
1H NMR (300 MHz, CD3OD) δ 7.40−7.15 (m, 10H),
4.39 (d, 1H, J = 8.4 Hz), 3.16 (dd, 1H, J = 4.4 and 8.4 Hz), 2.11−2.30
(m, 1H), 1.07 (d, 3H, J = 7.0 Hz), 0.93 (d, 3H, J = 7.0 Hz); 13C NMR
(75 MHz, CD3OD) δ 138.1, 137.0, 130.4, 130.1, 129.8, 129.7, 129.1,
129.5, 60.1, 30.0, 20.0, 16.8; MS (ESI+) m/z 320 (6) [M + H+], 303
(44), 246 (80), 145 (100); HRMS (ESI+) calcd for C17H22NSe
320.0913, found 320.0904.
[1S,(S)S]-N-[1-(4-Bromophenyl)-2-[(S)-2-(p-tolylsulfinyl)phenyl]-
ethyl]-p-toluenesulfinamide (10d). To a solution of [1R,2S,(S)S]-N-
1-(4-bromophenyl)-2-(phenylselanyl)-2-[2-(S)-(p-tolylsulfinyl)-
phenyl)ethyl]-p-toluensulfinamide (3d) (42.4 mg, 0.06 mmol, 1 equiv)
in anhydrous THF (2 mL) at rt was added activated Raney Ni (750
mg). The reaction mixture was stirred for 90 min, and then it was
filtered over Celite. The solvent was removed under reduced pressure.
The residue was purified by flash column chromatography (hexane/
EtOAc, 1:1): yield 73% (24.2 mg); white solid; mp 77−79 °C;
[α]20D +12.5 (c 0.8, CHCl3);
1H NMR (300 MHz, CDCl3) δ 7.83 (d,
1H, J = 7.8 Hz), 7.56−7.12 (m, 11H), 7.02 (d, 2H, J = 8.1 Hz), 6.91
(d, 2H, J = 8.4 Hz), 5.79 (d, 1H, J = 6.3 Hz), 4.52 (ddd, 1H, J = 6.0,
9.9, and 14.1 Hz), 3.34 (dd, 1H, J = 9.9 and 14.1 Hz), 2.78 (dd, J = 5.4
and 14.1 Hz), 2.33 (s, 3H), 2.31 (s, 3H); 13C NMR (75 MHz, CDCl3)
δ 142.5, 142.0, 141.3, 141.1, 140.8, 137.5, 132.3, 132.0, 131.3, 129.9,
128.9, 128.4, 127.7, 127.6, 125.7, 125.1, 120.8, 56.4, 39.1, 21.2, 21.2;
MS (ESI+) m/z 554 (100) [M + H+], 414 (55), 183 (51); HRMS
(ESI+) calcd for C28H27BrNO2S2 554.0643, found 554.0625.
[2R,(S)S]-N-[3-Methyl-1-[(S)-2-(p-tolylsulfinyl)phenyl]butan-2-yl]-
p-toluenesulfinamide (11i). To a solution of [1S,2S,(S)S]-N-[3-
methyl-1-(phenylselanyl)-1-[2-(S)-(p-tolylsulfinyl)phenyl]butan-2-yl]-
p-toluenesulfinamide (4i) (35.7 mg, 0.06 mmol, 1 equiv) in anhydrous
THF (2 mL) was added at rt activated Raney Ni (750 mg). The
reaction mixture was stirred for 90 min, and then it was filtered over
Celite. The solvent was removed under vacuum. The residue was
purified by flash column chromatography (hexane/EtOAc, 2:1): yield
68% (17.9 mg); 1H NMR (300 MHz, CDCl3) δ 7.92 (d, 1H, J = 8.0
Hz), 7.07−7.61 (m, 11H), 4.23 (bd, 1H, J = 8.7 Hz), 3.53−3.64 (m,
1H), 2.94 (dd, 1H, J = 9.9 and 14.1 Hz), 2.80 (dd, 1H, J = 5.1 and 14.1
Hz), 2.38 (s, 3H), 2.32 (s, 3H), 1.81−1.93 (m, 1H), 0.97 (d, 3H, J =
6.9 Hz), 0.89 (d, 3H J = 6.6 Hz).
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